T HE PRESSURES
within small veins are important because the capillary pressure in open beds cannot be lower than those pressures. Therefore small vein pressures represent minimal values for venous capillary pressures. Furthermore there need be no fixed correlation between small vein pressures and those in the larger, more central veins. Therefore if small vein pressures are regulated, as they may well be, in part by the state of constriction or dilation of the venous bed it seems possible that knowledge about such pressures may shed light upon the mechanism of edema production and tissue water storage in general. This paper will report measurements in 55 normal and operated dogs of pressures in small and large veins and arteries under several experimental conditions. An attempt has been made to determine the normal values for pressures in arteries and veins less than 0.5 mm diameter in tissues of the foot, and their relation to large artery and vein pressures. Changes in such values under several circumstances will also be reported.
These results and others were reported previously in abstract form (I). Small artery pressure was measured in the pad of the fore foot of 16 dogs under general anesthesia. The mean pressure was 65 f 25 mm Hg. This is to be compared to a simultaneously measured value of 123 f 2 I mm Hg in the brachial artery of the same extremity. The pressure gradient from large to small artery ranged from 25-85 mm Hg with a mean value of 58 mm Hg.
METHODS
The contour of the pressure tracings recorded from dogs under local anesthesia was different from those found in animals under general anesthesia in several notable respects ( fig. 4) Figure 6 is a pressure record from one of the animals.
The effect of exercise upon fore leg small and large vein pressure was tested in four normal trained dogs. After recording control pressures at rest, the catheters were disconnected from the strain gauges, filled with heparin, tightly stoppered and taped to the animal's leg without disturbing their positions in the veins. The animal was then made to run for ISO yards at approximately 5 miles/hr. and the pressures again measured.
The results of the experiments are tabulated in table 2. It will be noted that the pressures increased both in the small and large veins but to a greater extent in the former than the latter. The result was an GThe animals were generously supplied by Dr. C. W. Lillehei and Dr. Hammerstrom of the Department of Surgery. elevation in small-to-large vein pressure gradient in each case.
DISCUSSION
The pressures in the smaller veins as measured in this study are of interest because they show values which are 'spontaneously' variable and are quantitatively more different from those in the usually studied peripheral veins than might have been predicted. It is not suggested that the small vein pressures measured need be close to capillary pressures, but they cannot be higher than those pressures on the average. This must be true because velocities are higher in veins than in capillaries. In many instances the catheter employed occluded the vein it was in, and the pressure measured was then a collateral vessel pressure (4). The data presented shows that about 8%, on the average, of the pressure-drop around the entire circulatory system occurs between the veins of 0.2-0.5 mm bore and the veins of S-IO mm Thus the bore of in small vein pressure provides unequivocal these small veins may play a significant role evidence, however, that the pressures in capilin determining the pooling and the flow of the lary beds are not static over time. This obblood. Also, by influencing the capillary presservation and the fact that when measuresure the small vein pressure will have a conments are made at two sites in the same animal trolling effect upon water and salt distribution the values are not identical, leads one to between the blood and the tissue spaces.
suggest that the opening and closing of vascu- lar beds which is evident upon microscopic examination of capillaries and venules exerts its effect upon pressures. Thus, in addition to a pressure gradient along the length of a capillary, there appears also to be a temporal fluctuation which allows a whole length of capillary to have at one time a pressure well above the colloid osmotic pressure, and sometime later a pressure much lower. So the extrusion of tissue space fluid may alternate with its reabsorption in a temporal as well as, or instead of, a spatial sequence.
The direct measurements of small vein pressures in the normal and pathologic extremities of dogs in which edema had been induced by chronic A-V anastomoses confirm the dependence of edema of this type upon hydrostatic factors. In view of the fact that many clinical investigators have been prone to ascribe the edema of heart failure to a primary action of the kidney in retaining water and salt without reference to blood composition it seems important to stress the fact that in the present situation the excess hydrostatic pressure over normal colloid osmotic pressure levels allows no justification for postulating another mechanism for edema production.
It may be noted that the same is true in a variety of situations in which pulmonary edema occurs (2, S-IO), and also in the case of peripheral edema following pulmonic stenosis (I I) in dogs. Special attention is called to the observations in relation to muscular exercise. The factual observations are clear-cut and certain deductions appear to be justified, although a complete analysis of the mechanism of the changes must await further information. The rise in small vein pressure to values equal to the normal blood colloid osmotic pressure has obvious implications. There can be filtration of fluid into subcutaneous tissues by this mechanism in exercise. Furthermore it is obvious that the pressure rise in the large veins in exercise is much smaller than the small vein rise. Quantitatively this difference is measured by the change in the 'gradient' from rest to exercise. Reliance upon large vein pressure changes to indicate what is going on at the periphery is obviously improper.
Sl,lMM-ARY AND CONCLUSIONS
Methods are described for measurement of pressures in arteries and veins of inside bore 0.2-0.5 mm in the dog's foot.
Observations have been made upon such %mall artery' and 'small vein' pressures under various circumstances, in relation to large artery and large vein pressures in the same extremities. In normal waking dogs the small subcutaneous vein integrated mean pressure in the foot ranges from 8-25 mm Hg with 13.1 mm Hg as the mean value. The pressure mean is not greatly different under Nembutal anesthesia. The large vein pressures average higher without general anesthesia; therefore the pressure gradient from small to large vein is greater under Nembutal. A significant correlation was not demonstrated between either small and large vein Dressures or between small vein and systemic arterial pressures in dogs under general anesthesia.
Under local anesthesia, large fluctuations occurred in small vein pressure, not associated with significant changes in large vein pressure. The findings suggest that the small vein system may be subject to nervous and humoral control and further, that the pressures in capillary beds are not static over time.
The mean value for small foot pad artery pressures was 65 mm Hg as mm Hg in the large arteries. compared to 123
Exercise was followed by a large elevation in small vein pressure and a small rise in large vein pressure.
In dogs with large arteriovenous anastomoses involving the hind legs, the local small vein to large vein pressure gradient was elevated in three of four animals. Edema in such preparations was seen only in cases where small vein pressures alqroached the value of the plasma colloid osmotic pressure. II.
